The Kalanchoe genus (syn. Bryophyllum), family Crassulaceae, comprises 125 species, most of them native to Madagascar. The great importance of several of these species for the traditional medicine in several regions of the World, esspecially India, Africa, China and Brazil, stimulated research programs into these plants from both a pharmacological and chemical point of view. The present review focuses on the main results obtained during the last decade on the secondary metabolites isolated from these species -endowed or not with a specific biological profile -with emphasis on flavonoids. The distribution of these molecules in the genus will be summarized and special attention will be given to K. brasiliensis and K. pinnata, two species well-known for healing inflammatory and infectious processes. Ornamental Kalanchoe species are also discussed as a potential source of bioactive compounds. This review covers the period 1970-2008.
Introduction
The genera Kalanchoe, Rhodiola and Sedum are three medicinally important genera in the family Crassulaceae. The genus Kalanchoe (syn. Bryophyllum), first established by Adanson (1763), comprises 125 species, most of them native to Madagascar [1] . The great importance of some Kalanchoe species for traditional medicinal use in many regions of the World, especially India, Africa, China and Brazil, stimulated several research groups to investigate the pharmacological properties of the active plant extracts as well as their chemical composition [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Several Kalanchoe species occur in Brazil, some of which, such as K. pinnata and K. brasiliensis, are used for the treatment of rheumatism, inflammation, burns, wounds and abscesses [2] . Other species such as K. fedtschenkoi and K. blossfeldiana are cultivated for ornamental purposes [18] . Indeed, a significant number of Kalanchoe species -regardless of their medicinal interest -have a great ornamental value as they exhibit extremely beautiful flowers with a broad spectrum of colors varying from white, light yellow to orange, pink, red and purple.
Although Kalanchoe plants have important medicinal applications, some of them are known to be toxic to cattle [19] and chickens [20] . Flowering plants were found to be responsible for the most important forms of poisonings in Australia [19] . As far as we know, Kalanchoe flowers are not used for medicinal purposes; only leaves or non-flowering aerial parts are usually used. Succulent plants, especially those from the genus Kalanchoe, have been thoroughly studied with respect to their Crassulacean-acid metabolism (CAM) ranging from ecological, physiological and cell biological aspects, transport and compartmentalization to molecular biology [21] [22] [23] [24] . The early studies on the secondary metabolites from Kalanchoe species mainly focused on their flavonoid content. Gaind & Gupta, at the beginning of the 1970s, accomplished the pioneer studies on the Among the most widespread Kalanchoe species, two of them -K. pinnata and K. brasiliensis -are widely employed in Brazil to treat different infectious, injurious and inflammatory processes [2] . These medicinal herbs are locally known under the same common names, "saiao" or "coirama", in the different Brazilian regions. In most cases, one of these species is employed in substitution for the other, generally in an undifferentiated manner.
K. brasiliensis Camb. is the only native Kalanchoe species in Brazil and was the first one to be studied in depth by our group. Although the leaves are largely used in Brazil, their chemical composition and pharmacological effects were yet unknown when we started our studies.
First results from our group demonstrated that K. brasiliensis (Kb) juice, aqueous and alcoholic extracts exerted a direct in vitro inhibitory effect on human lymphocyte proliferation [32] . Bioguided purification of the juice of the combined aerial parts, based on its in vitro lymphocyte anti-proliferative activity, led to the isolation and identification of seven patuletin rhamnosides [5] . Among them,
named kalambroside A, B and C, respectively, were described for the first time.
The four other flavonoids were the known patuletin rhamnosides initially isolated from K. gracilis, a medicinal plant used in Taiwan for the treatment of tissue inflammation [33] . One characteristic of the main patuletin rhamnosides isolated from K. brasiliensis is the presence of either a mono or a di-acetylated sugar residue, such as those found in kalambroside A, B and C ( Figure 1 ). The known flavonoids quercitrin and isoquercitrin were also isolated from the same specimens [34] . From a biological point of view, among the seven flavonoids isolated, kalambroside A, B and C were shown to be potent inhibitors of lymphocyte proliferation. Diacetylated flavonoids with two rhamnosyl units, such as kalambroside A, were more active than their monoacetylated congeners kalambrosides B and C. It was generally observed that the pure components showed higher activity then either the crude flavonoid fraction or extract. Their lymphoproliferative inhibitory activities seem to be dependent on the presence of at least one acetyl group and on its position on the rhamnosyl unit of these flavonoids. Non-acetylated derivatives, such as patuletin 3-O-rhamnoside and patuletin 3,7-di-Orhamnoside, did not show any activity [5] . An hydroalcoholic extract of leaves of K. brasiliensis showed acetylcholine esterase inhibitory effects. This activity was attributed to a flavonoid mixture, containing 8-methoxyquercetin-3,7-di-Orhamnopyranoside and 8-methoxykaempferol-3,7-di-O-rhamnopyranoside [35] . The authors also reported a larvicidal effect for the plant extract. The main common biological activity shared both by K. pinnata and K. brasiliensis is their antiinflammatory effect and the correlation of this with the immune system. The immunomodulatory activity observed for the different types of K. pinnata leaf extracts (juice, aqueous and ethanolic extracts) led us to carry out the first biomonitored chemical investigation of this plant. The study of a hydrosoluble fraction of a K. pinnata ethanolic extract led to the isolation of its major flavonoid component, the known quercetin 3-O-α-Larabinopyranosyl (1→2)-α-L-rhamnopyranoside [40] . Antiallergic activity was reported for this quercetin diglycoside that had been previously isolated in 1986 [4] . This flavonoid, despite its high concentration in the extract, did not show any inhibitory activity on human lymphocyte proliferation [40] . The observed inhibitory activity of lymphocyte proliferation was attributed to a fraction composed of palmitic and stearic acids [11] . This activity can be correlated with an anti-inflammatory effect and could partially explain the use of the plant against inflammatory conditions. In continuation of our phytochemical investigation of the bioactive flavonoid fraction from K. pinnata leaf extract, we isolated five flavonoids, including the already reported quercitrin and afzelin. The three others were the minor methoxylated flavones 5,7,4'-trihydroxy-8,3'-dimethoxyflavone, galangustin and jaceosidin, which had not previously been reported for the Kalanchoe genus [40] . These flavones are common in the Asteraceae family [41] , but methoxylation at the C-8 position is rare when compared with methoxylation at C-6 or C-7 of the A ring. Despite the unusual methoxylation at C-8, there is one example described for the Crassulaceae family. This compound, a limocitrin glycoside, was isolated from Sedum acre [42] . Both of the flavonols isolated, quercitrin and afzelin, significantly inhibit human lymphocyte proliferation (IC 50 = 1.0 -10.0 μg/mL) in vitro.
The immunomodulatory ability demonstrated by K. pinnata extracts, besides its ethnomedicinal use for healing wounds and skin diseases, led us to investigate the effect of this plant on Leishmania amazonensis-infected macrophages. L. amazonensis is one of several Leishmania protozoa that cause serious endemic diseases, leishmaniases, in tropical and subtropical regions of the World. Leishmaniases may range from single cutaneous to fatal kala-azar, affecting more than 12 million people in 88 countries [43] . There is no vaccine ready for use in humans and chemotherapy still relies on toxic i.m. injections with pentavalent antimonials, Pentostam and Glucantime, or Amphotericin B [44] .
Oral treatment of L. amazonensis-infected mice with aqueous leaf extract of K. pinnata (Kp) significantly reduced the lesion size and parasite load to levels comparable to i.p. injection with Glucantime [6, 9] . Furthermore, an important remission of human cutaneous leishmaniasis upon oral Kp treatment, without toxic effects, has been reported in one case study [45] .
A biomonitored fractionation of Kp extract has demonstrated quercitrin to be a potent antileishmanial compound, with a low toxicity profile [46] . Along Recently, the protective effect of K. pinnata aqueous extract against fatal anaphylactic shock in mice was reported [48] . Oral protection was accompanied by a reduced production of specific IgE antibodies, reduced eosinophilia, and impaired production of the IL-5, IL-10 and TNF-α cytokines. Kp extract prevented antigen-induced mast cell degranulation and histamine release in vitro. This activity was mainly attributed to the flavonoid quercitrin previously reported from Kp extract [48] .
Indeed, the phytotherapeutic potential of this species is high, as can be deduced from the wide spectrum of biological activities so far reported for it (Table 1) [6, 9, 11, 15, 16, [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] . It is remarkable that despite the large number of reported pharmacological properties, to date, only few bioactive molecules have been identified from this species. In the perspective of a commercial use of Kp as a standardized qualitycontrolled phytotherapeutic drug there is a requirement for the definition of a specific chemical marker for this species. Quercetin 3-O-α-Larabinopyranosyl (1→2)-α-L-rhamnopyranoside, which shows a restricted occurrence in nature, could be considered as a convenient chemical marker for K. pinnata. This flavonoid is an uncommon molecule not reported to date in other plant species, except for Alphitonia philippinensis (Rhamnaceae) [60] and K. blossfeldiana flowers, as a minor metabolite [61] .
Although K. pinnata is largely used as a medicinal plant and is therefore considered as safe, some toxic bufadienolides were isolated from its leaves and also from the whole plant [62] [63] [64] . A bufadienolide from K. pinnata -bryophyllin A -was shown to be a potent anti-tumor promoter inhibitor when compared with other bufadienolides isolated from K. pinnata and K. daigremontiana x tubiflora [12] . However, these substances were not detected in the K. pinnata specimens employed in our studies. Other less studied Kalanchoe species will be discussed below under chemical and pharmacological aspects. Antihypertensive - [51] Anti-inflammatory - [6, 9, 15, 46, 47] Antimalarial - [55] Antinociceptive - [50] Antiulcerogenic - [53] CNS depressant - [56] Hepatoprotective - [16] Immunosuppression Fatty acids [11] Muscle relaxing - [57] Neurosedative - [57] Tocolytic - [58, 59] Anti-anaphylactic Quercitrin [48] Kalanchoe gastonis-bonnieri R. Hamet & H. Perrier (= Bryophyllum gastonis-bonnieri), known popularly as "life-plant", "donkeys-ear" and "mala-madre", possesses large leaves that can measure up to 50 cm in length [18] . Its leaf juice is employed vaginally as a contraceptive in Mexican traditional medicine [14] . The plant is also employed against genito-urinary troubles and vaginal infections [65] . In Madagascar it is employed to treat wounds caused by insect bites [18] . The chemical composition of the juice obtained from K. gastonis-bonnieri leaves is under investigation in our laboratories.
Kalanchoe gracilis Hance is used in Taiwan for the treatment of tissue inflammation [33] . Nineteen flavonoids were isolated from the aerial parts of this species, most of them exhibiting a patuletin skeleton bearing a mono or a di-acetylated sugar residue [66] . Four eupafolin rhamnosides, some of them bearing an acetyl substitution in the sugar moiety, were also reported. Luteolin and four other flavonoids (eupafolin, kaempferol, quercetin and quercitrin) were also identified [33] . Table 2 summarizes the flavonoids reported for the Kalanchoe species.
Recently, new cytotoxic bufadienolides were described from K. gracilis (kalanchosides A-C) ( Kalanchoe tubiflora Raym.-Hamet (= Bryophyllum tubiflorum) originates from Madagascar and has an ornamental value due to its very beautiful flowers [18] . Previous studies with K. tubiflora revealed that its leaves and flowers, when consumed by cows, caused intoxication symptoms like diarrhea [30] . The same kind of toxic event was observed for K. lanceolata (Forsskäl) Persoon in Zimbabwe [76] . Two bufadienolides were described from K. lanceolata, lanceotoxin A and B [77] .
Kalanchoe crenata (Baker) R. Hamet (= K. laxiflora) is a medicinal species, whose infusions are known for their vermifugous properties [18] . In African traditional medicine it is also used as a remedy against otitis, headache, inflammations, convulsions and general debility [78] . Nguelefack et al. [17, 78] suggest peripheral and central analgesic activities, as well as an anticonvulsant effect for leaf extracts of K. crenata. Aditionally, in Cameroon, this species is widely used in the treatment of diabetes mellitus. (12) 2008 2157 this plant on blood glucose levels was investigated in fasting normal and diet-induced diabetic rats. This study reported a significant improvement in glucose clearance and/or uptake and resistance to bodyweight gain and insulin sensitivity of K. crenata extract [79] . The bioactive compounds remain to be identified. The presence of quercetin and kaempferol in this species was early described [26] .
Our group is currently developing projects for the search of new molecules with pharmacological properties from flowers and leaves of some ornamental Kalanchoe species, with emphasis on flavonoids. Preliminary results are mentioned further.
Kalanchoe blossfeldiana Poelln. is a dark green succulent with large umbels of flower clusters held above the foliage. This plant has a great commercial value as an ornamental. Nielsen et al. [61] , in their study on the flavonoid composition of flowers from K. blossfeldiana varieties, reported the isolation of pelargonidin, cyanidin, peonidin, delphinidin, petunidin and malvidin 3,5-O-β-D-diglucosides. Pink, red and magenta varieties contain relatively high amounts of quercetin derivatives. Recently we identified the known quercetin 3,7-di-Orhamnopyranoside from the juice of K. blossfeldiana leaves, in a study searching for antiviral compounds [80] . This flavonoid was a new report for the Kalanchoe genus.
Kalanchoe tomentosa Baker, a beautiful ornamental species, known as "panda plant", is a perennial succulent covered in white felt punctuated with delightful brown patches along the leaf edges [18] . Few studies have been devoted to the chemical profile of this species [20, 81] .
Another species native to Madagascar, K. daigremontiana R. Hamet & H. Perrier, is known as "mother-of-thousands" or "devil'sbackbone". Two toxic bufadienolides with an unusual substitution pattern were reported for this species. Daigremontianin and bersaldegenin-1,3,5orthoacetate, which was also found in K. tubiflora, were shown to have pronounced sedative, positive inotropic and CNS-activities [82] . From the leaves of K. daigremontiana×tubiflora were isolated an insecticidal bufadienolide, methyl daigremonate, along with four known bufadienolides [12] . Their insecticidal activities were assessed against larvae of silkworm (Bombyx mori). Kalanchoe thyrsiflora Harv. has a high ornamental value and is commercialized in many parts of the world under the names of "flap-jack" or "dog-tongueplant". Recently, in a random screening for anticancer activity of South African plant extracts, a methanolic extract from roots and leaves of K. thyrsiflora was tested against three human cell lines (breast MCF7, renal TK10 and melanoma UACC62). This extract did not show general cytotoxicity against all three cell lines, but displayed potent activity against only one of the cell lines (renal TK10). The growth inhibitory activity against the other two-cell lines was considered moderate by the authors [83] . The anticancer activity of K. thyrsiflora is supposed to be related to the bufadienolides generally occurring in Kalanchoe species. Root decoctions are traditionally used in Africa as anthelmintic enemas and administered to pregnant women who do not feel well [83] . The phenolic composition of this plant is under investigation in our laboratories, as well as four other Kalanchoe species with ornamental value.
Kalanchoe fedtschenkoi R. Hamet & H. Perrier is an ornamental plant widespread in Brazil and reputed to be toxic to chickens [20] . This species was exhaustively studied for its CAM metabolism [84] . The flavonoid composition of leaves infusion from K. fedtschenkoi has been studied in our laboratories. Two main fractions (F2-C and F2-E) were purified and fractionated to give three flavonoids: kaempferol-3-O-β-D-xylopyranosyl (1→2)-O-α-L-rhamnopyranoside, kaempferol-3-O-β-D-glucopyranoside-7-O-α-L-rhamnopyranoside and sagittatin A. This last compound was previously isolated from K. streptantha [71] . Crude extract as well as fractions F2-C and F2-E exhibited strong cytotoxic activities, especially against resistant leukemia cells. Fraction F2-C reduced cellular viability of both parental tumor line and the resistant tumor line, besides presenting low toxicity in renal cells [70] .
Flavonoids and their distribution in the genus Kalanchoe
Although there has been an increasing interest in the biological activities of Kalanchoe extracts in the last 20 years, little progress was made towards the chemical identification of the bioactive components. Costa et al. Table 3 : Bioactive flavonoids from Kalanchoe species. Entries were organized in the same sequence used for Table 2 . 
Flavonoids

Some biological activities Reference Glycosides
Others
Flavan-3-ol Antioxidant, anticarcinogen, cardiopreventive, antimicrobial, antiviral, neuroprotective, anti-amyloidogenic effect [115, 116] regarding the number of reports and biological activities. The presence of flavonols, flavones, anthocyanins, leucoanthocyanins and flavan-3-ols has been reported by several authors. Flavonols are the most frequent flavonoids in Kalanchoe species, representing aproximately 60% (Figure 4 ). Patuletin, kaempferol and quercetin are the most reported aglycones (Figures 5 and 6 ).
The distribution of Kalanchoe flavonoids following their respective parent aglycone is shown in Table 4 . Table 2 presents all flavonoids reported for Kalanchoe species, while Table 3 shows only those for which specific bioactivities have been reported. oxidative stress protection, aldose reductase inhibition, lipoxygenase and cyclooxygenase inhibition [96] [97] [98] [99] . Excluding the first one, all the activities described are involved with antiinflamatory processes. Patuletin glycosides and acetyl-glycosides reported for K. brasiliensis and K. gracilis were less explored for their biological activities. Lymphocyte antiproliferative activity was reported for K. brasiliensis patuletin acetyl-glycosides. This inhibitory activity on the immune system could be useful in situations where an intensive immune response is undesirable, as in chronic inflammation, organ transplantation and auto-immune diseases.
The second more reported aglycone in Kalanchoe species is kaempferol. Several studies focusing on antiulcer, antiinflammatory, bactericidal, antiallergic, antinociceptive, neuro-protective, antiatherogenic, HL-60 cell growth inhibitory, human lung non-small carcinoma cells apoptosis induction and antioxidant activities have been reported for this flavonoid ( Table 3 ). Quercetin and its glycosides exert antiinflammatory, antiulcer, antiallergic, hepatoprotective, antiviral and antileishmanial effects, as can be seen in Table 3 . The efficacy of quercetin as an anti-inflammatory and immunosuppressor agent has been extensively demonstrated [117, 118] . Mookerjee et al. (1986) [119] reported the reversible lymphoproliferative inhibition effect of flavonoids, such as quercetin, in response to phytomitogens, soluble antigens, and phorbol esters by blocking events that follow the exposure to the stimulus. This activity profile was also observed for K. pinnata quercetin glycosides, as mentioned before. K. pinnata is the richest species with respect to the number of flavonoids possessing a quercetin skeleton. Our group has been contributing to a better knowledge of the therapeutic potential of Kalanchoe species in an interdisciplinary approach that correlates chemical and pharmacological studies. These works afford interesting molecules from the point of view of pharmaceutical application, as for example, the antileishmanial flavonoids from K. pinnata. Flavonoids possess several biological activities, including antimicrobial, antiviral, antiinflammatory and immunomodulatory [28] . Regarding this bioactive metabolite class, the genus Kalanchoe is particularly fruitful, leading to many interesting preliminary results that remain to be explored.
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In conclusion, the present review summarizes the chemical and biological data reported for Kalanchoe species during these last decades, with special attention to their flavonoid profile. The so far accumulated data show that Kalanchoe is a promising and rich genus, not only in terms of its outstanding ornamental value, but also in term of its numerous pharmaceutical promising perspectives. A few species from this genus have been studied in interdisciplinary approaches in view of finding new bioactive compounds. Much remains to be done for a better understanding of the ethnopharmacological use of various Kalanchoe species and to elucidate the chemical composition of the substances responsible for their pharmacological activities. We are pursuing our efforts in studying Kalanchoe species not yet explored with these perspectives in mind.
